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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

DITCHING TESTS OF A %B-SCALE MODEL OF THE

LOCKHEED CONSTELLATION ATIRPLANE

By Lloyd J. Fisher and Garland J. Morris
SUMMARY

Tests were made of a _%escale dynamically similar model of the Lock-
1

heed Constellation airplane to investigate its ditching characterlistics
and proper ditching technique. Scale-strength bottoms were used to
reproduce probable damage to the fuselage. The model was landed in calm
water at the Langley tank no. 2 monorall. Various landing attitudes,
speeds, and fuselage configurations were gimulated.,

»

The behavior of the model was determined from visual observations,
by recording the longitudinal deceleratlons, and by tsking motion pictures
> of the ditchings. Data are presented in tabular form, sequence photo-
graphs, and time-history deceleration curves. )

Tt was concluded that the airplane should be ditched at a medium
nose-high landing attitude with the landing flaps full down. The air-
plane will probably make a deep run with heavy spray and may even dive
slightly. The fuselage will be damaged and leak substantially but in
calm water probably will not flood rapidly. Maximum longitudinal decele-
rations in a calm-water ditching will be about Lg.

INTRODUCTION

Model tests were made to determine the probable ditching character-
igtics and the proper ditching technique for the Lockheed Congtellation
airplane. The model was designed so that elther a relatively rigid or
an approximately scale-strength bottom could be used. The tests were
made in calm water at the Langley tank no. 2 monorail. Design information
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APPARATUS AND PROCEDURE

Description of Model

The i%-scale model had a wing span of 6.8% feet, a fuselage length

of 5.27 feet, and a gross weilght of 14.5 pounds. Photographs of the
model are shown in figure 2. The model was constructed principally of
balsa wood with spruce at points of concentrated stress. Internal ballast
was used to obtain scale welght and moments of inertia.

The landing flaps were installed so that they could be held in the
down positions at approximately scale strength. A calibrated stiring was
fastened between a wing bracket and a corresponding flap bracket so that
loads on the flap greater than the scale design load would cause the
string to break and the entire flap to be torn away. Information obtained
from Lockheed Aircraft Corporation indicated that if the flaps failled
they would be completely torn from the wing.

The strength of the fuselage below the floor as estimated by the
manufacturer is given in figure 3. From this information it was assumed
that the wheel doors would be campletely torn away in a ditching and
that the fuselage below the floor, except the section between the wing
beams, would be damaged. Accordingly, the bottom of the model below the
floor was made removable and scale-strength replacements for the bottom
were developed. One of these scale-strength bottoms installed on the
model is shown in figure 4. The scale-strength bottoms were made of
balsa ribs and stringers and were covered with thin doped paper. They
were designed and tested to fall under a wniformly distributed load
of 8 psi %?ull—scale). A scale-strength bottam in the load-testing
apparatus 1s shown in figure 5. The loading of the test bottom was
accamplished by increasing the alr pressure inside the test chamber, the
pressure being applied to the outside of the test bottom. The pressure
required to cause fallure was measured by the manometer shown on the
right in figure 5.

Test Methods and Equipment

The model was dliched by catapulting it from the carriage on the
Langley tank no. 2 monorail so that it was free to glide onto the water.
It was launched at scale speed and the desired landing attitude, and the
control surfaces were set so that the attitude did not change appreciebly
in flight. The behavior was determined from visuasl observation, motion-
picture records, and time-history accelerometer records (longitudinal).
The accelerometer had a natural frequency of about 17 cycles per second
and was damped to about 65 percent of critical damping. The reading

accuracy of the instrument was about i%g.
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Test Condltlons
(A11 values given refer to the full-scale airplane.)
Weight.- The welght corresponded to a gross weight of 84,500 pounds.
Center of gravity.- The longitudinal location of the center of

gravity was 25 percent of the mean aerodynamic chordj the vertical
location was 23.04 inches above the thrust line of the inboard engines.

Landing attitude.- Attitude is the angle between the fuselage
reference line and the water surface. Three landing attitudes were
investigated; 12° (near stall), 9° (intermsdiate), and 4° (near three-
wheel statlic attitude).

Flaps.- Tests were made with the flaps up, 60 percent down, and
full down. When down the flaps were attached at a scale strength
corresponding to an ultimate loading on the flaps of 2 psi.

Landing speed.- The lanéing speeds are listed in table I. They were
computed using 1ift curves and the previously chosen values of welght,
attitude, and flap setting.

Landing gear.- All tests simulate ditchings wlth the landing gear
retracted.

Conditions of damage.~ The followlng fuselage configurations were
Investigated:

(a) No damage.

(b) Simulated failure of the wheel doors and a scale-strength bottom
from stations 333 to 508 and stations 622 to 1060.

RESULTS AND DISCUSSION

A sumary of the results of the investigation is presented in
table I. The symbols used in the table are defined as follows:

b deep run - a run in which the model travels through the water
partially submerged exhibiting a tendency to dive although the
attitude remains near level

d slight dive - a dive in which the angle between the water surface
and the fuselage reference lines 1s about 20° and the wings are
partially submerged



L . NACA RM L8K18

h gmooth run - a run in which there 1s no apparent oscillation about
any axis and during which the model settles Into the water as
the forward velocity decreases.

P porpoising - an undulating motion about the transverse axis in
which some part of the modsl is always In contact with the water

8 skfpping - an undulating motion about the transverse axis in which
the model clears the water completely

u trimmed up - the attitude increases Immedlately after contact with
the water

Typlcal demage sustained by the scale-strength bottoms is shown in
figures 6 and 7. Figures 8 and 9 present longlitudinal deceleration curves
as influenced by flap setting and landing attitude. Sequence photographs
of ditchings at three different attitudes are shown in figure 10.

Effect of Damage

When the model was tested with a scale-strength bottom, some demage
always occurred. In general, bottom damage caused the landing runs to
be shorter and the decelerations to be higher than for similar test condi-
tions without damege. In some cases smooth runs were changed to porpolsing
runs or deep runs and deep runs were changed to dives when damage occurred.
In other cases there was little difference in motion due to damage.
(See table I and figs. 6 and 7.) For certain test conditions, the
behavior of the model was characterized by two different type runs. -When
scale-strength bottoms were used, these different type runs were accompanied
by different amounts of damage. Figure 6(a) shows the amount of damage
that occurred in a porpoising run and figure 6(b) shows the damage that
occurred 1n a deep run, both at the same landing attitude and flap
setting. Figures 6 and 7(a) show the demage sustained in 12° landings
with various flap settings. The most severe damage occurred when the
flaps were full up, probably due to the higher landing speed. The damage
sustained in landings at 12°, 9°, and 4° attitudes with flaps full down
ig shown iIn figure 7. In each case the damage was slight even though the
motions of the model varied from a deep run to a dive.

. On the basis of damage sustained by the scale-strength bottoms 1%
can be expected that in-a calm-water ditching the fuselage will be
damaged and leak substantially but probably will not flood excessively
fast. Since the airplane is a low-wing type, the wing should provide
enocugh buoyancy to float the alrplane fairly high in the water.
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Effect of Flaps

The landing flaps were so located and of such strength that thelr
setting affected the ditching behavior of the model. Generally, smooth
runs resulted when the flaps were up and deep runs with occasional
slight dives resulted when the flaps were down. When full down, the
inboard flaps usually failed after producing a slight nose-down motion.

The outboard flaps generally did not fall. The flaps, when 60 percent
down, did not fail and produced greater nose-down pitching than did the
full-down flaps. Figure 8 gives tims historles of decelerations for
landings at 12° attitude with the undemaged model with flaps up, 60 pércent
down, and full down. '

The use of flaps caused the ditching motions to be samewhat worse
than those obtained with flaps up. However, the behavior with flaps
down is not prohibitive. Full flaps make possible a substantlial decrease
in forward speed and thus lessen the possibility of excesslve damage
(see figs. 6(b) and T(a)). Consequently, it is probably best that the
flaps be full down in a ditching.

Effect of Landing Attitude

The effect of landing attitude was most apparent In the investiga-
tion of the undamaged model. The 4° attitude produced the most severe
ditchings (the decelerations were highest and the motlons were most
violent) and the 12° attitude produced the least severe ditching (see
table I). There was little difference in the ditchings at 12° and 9°
except that the décelerations were lower in a 12° landing. The landing
attitude did not have as much effect on the model when ditched with a
gcale-strength bottom. With flaps full down, the 12° attitude regulted
in the smoothest run, the 9° attitude resulted in the lowest decelerations,
and the 4° attitude resulted in the most severe run (see table I and
figs. 9 and 10). The landings were usually accompanied by heavy spray
(see fig. 10).

Since the 4° attitude tends to be the most severe and ags there is
little to choose from between the 9° and 12° attitudes, a medium nose-
high attitude is recommended for ditching. In a calm-water landing the
airplane will probably make a deep run with a maximum deceleration of
about kg.

CONCLUSIONS

From the results of the model tests the following conclusions are
made:
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. 1. The Lockheed Constellation should be ditched at a medium nosse-
high attitude. The landing flaps should be full down.

2. The airplane will probably make & deep run with heavy spray and
may even dive slightly.

3. The fuselage will be damaged and leek substantially but in calm
water 1t probably will not flood rapidly.

%. Maximum longitudinal decelerations in a calm-water ditching will
be about bg.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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Flgure 1.- Three-view drawing of the Lockheed Constellatlon airplans.
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" (a) Flaps, up;
o landing speed, 118 mph.
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2 (b) Flaps, down 60 percent;
landing speed, 97 mph,
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(¢) Flaps, full down;
landing speed, 85 mph.

Figure 8.- Longitudinal decelerations at 12° landing attitude with no
demage simulated. All values are full scale.
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20 (8) Landing attitude, 12°;
g landing speed, 85 mph.
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(b) Landing attitude, 9°;
landing speed, 91 mph,
) SRR
3
2 slight dive
1
0 1 J I I 1
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(¢) Landing attitude, L°;
landing speed, 105 mph.

Figure 9.- Longltudinal decelerations wilth scale-strength bottom

installed and flaps full down.

All values are full scale,



27

NACA RM L8K18

*oT®OS TTOJ odw senTsA TTV ‘wwop TmMJ edwly
puB POTTEISUT WO330q UPBUSIIB-STBOS UITHA STBAISIUT puooes-£¢ 0 38 sydwaBojoyud sousnbeg -7 eaMITd

96¢86-1 p

‘una Yj.00Ws

4

£,2T ‘ernaTids Buipuw (B)







NACA RM L8K18

“penuiiuoc) - QT eanITg

‘uma deep f 6 ‘ePniTire Burpuel (q)







31

NACA RM L8K18

TpepnTouo) -°QT eanIT4

'oATD WSBTTE f f ‘oPn3Tiye SBurpuw (O)

LA ,
§§% _xr_zi;i,,,,: ,,

NACA-Langley - 4-20-50 - 250



Al



